We report here the development of convenient 
INTRODUCTION
The past two decades have seen a tremendous advance in our understanding of gene function and regulation. With the advent of transgenic technologies, many investigators have extended their analyses to the whole organism, and concomitant with this movement has come an increasing interest in the molecular approaches used in the evaluation of transgene expression. Numerous reporters have been used in the analysis of transgene expression, which permit the evaluation of gene expression at either the RNA or protein levels (reviewed in References 5 and 14). Probably the most popular histological reporter used in transgenic animals is the β -galactosidase ( β -gal)-encoding lacZgene (6) . Another sensitive histological marker, albeit less commonly used, is the human placental alkaline phosphatase ( hpAP ) gene (2) . Until now, the use of these markers to monitor expression of other proteins from a transgene have been limited, generally requiring an in-frame protein fusion, which has the unfortunate possibility of altering protein function. To circumvent the limitations of single cistronic transgenes, we have used the internal ribosome entry sequence (IRES) from the encephalomyocarditis virus, which directs efficient mRNA cap-independent entry of the translational apparatus in mammalian cells (10, 12, 13) . Both IRES-lacZor IRES-hpAPreporters can be used to monitor the activity of transgenes that have been designed to ectopically express a foreign protein by placing either reporter in the 3 ′ untranslated region of the transgene. This feature is particularly advantageous when the transgene promoter is active in only a few cells within a tissue or in the case where no sensitive histological marker exists for the foreign protein being produced.
MATERIALS AND METHODS

Constructs and Transgenic Mouse Production
The IRES-lacZconstructs were derived from pWH7A by insertion of the simian virus 40 (SV40) polyadenylation sequences (4) into the unique Spe I site, followed by the removal of the 5 ′ Sal I site by Klenow end-filling. The Hmx2-IRES-lacZtransgene was constructed by linking a 9-kb genomic fragment (spanning the Hmx25 ′ flanking region to the Hmx2homeobox) to IRES-lacZfollowed by a 1.3-kb fragment immediately flanking on the 3 ′ side the insertion site in the Hmx2 homeobox.
The IRES-hpAPconstructs were derived from the hpAP -containing plasmid pCla12-XAP (2, 8) by the insertion into the unique Xho I site of an oligonucleotide pair containing the restriction sites Sma I-Xho I-Bgl II and destroying the Xho I-cohesive end sites to generate p1064. This plasmid was digested with Xho I and Bgl II, and the 0.6-kb Xho IBamHI IRES fragment from pWH7A (10) was ligated into these sites. This results in a fusion between the first eight amino acids (aa) derived from the IRES, followed by two aa from linker sequence (Ser-Arg) fused to the second aa (Leu) of the hpAPgene (the addition of this eight aa appears to have no effect on hpAP protein activity). The 0.2-kb polyadenylation signal was derived from the SV40-based expression vector, pTL104 derived from pSG5 (4), as previously described (3) .
The isolation and characterization of the floor plate, notochord and gut-specific Hoxa-1Enhancer III used in the EnIII-Cre-IRES-hpAP transgene construct has been previously described (3) . This enhancer and associated basal promoter were linked to the Cre-recombinase gene (16) (17) (18) , which was modified by site-directed mutagenesis to obtain a more consensus-like Kozak sequence (11) surrounding the ATG start codon. The Cre gene was fused to the IRES-hpAP reporter, which contains a polyadenylation signal derived from SV40 (4). Transgenic mice were produced by pronuclear injection as previously described (3).
Staining Protocol
β β -gal staining. Embryos were dissected free of extra-embryonic tissues and fixed for 10-30 min at 4°C in phosphate-buffered saline (PBS) containing 2% formaldehyde, 0.2% glutaraldehyde, 0.02% Nonidet ® P-40 (NP40) and 0.01% sodium deoxycholate (all from Sigma Chemical, St. Louis, MO, USA). The embryos were then rinsed briefly with PBS 2-3 times and stained with 5-bromo-4-chloro-3-indolyl-β -Dgalactopyranoside (X-gal; Boehringer Mannheim, Indianapolis, IN, USA) at 37°C for 2-24 h in the β -gal staining solution. The staining solution contains 5 mM K 3 Fe(CN) 6 , 5 mM K 4 Fe(CN) 6 , 2 mM MgCl 2 and 100-500 µ g/mL Xgal in 1 ×PBS final. Stained embryos were washed with repeated changes of PBS for 2 h total at 4°C and stored at 4°C in PBS.
Alkaline phosphatase (AP) staining.(Note: AP staining can be performed without prior β -gal staining). Embryos were washed with PBS and fixed in 4% paraformaldehyde over -night at 4°C. The embryos were then rinsed with PBS several times and heattreated in PBS at 70°-75°C for 30 min to inactivate endogenous AP activity. After heat treatment, the embryos were rinsed again with PBS at room temperature (RT) and then washed for 10 min with AP buffer containing 0.1 M TrisHCl (pH 9.5), 0.1 M NaCl and 10 mM MgCl 2 . Finally, the embryos were stained with BM Purple AP Substrate (Boehringer Mannheim) between 4°C and RT in the dark for 0.5-36 h (reducing the temperature to 4°-8°C dramatically reduces background but increases incubation time). After staining, the embryos were washed extensively with PBS plus 0.1% Tween ® 20 and 2 mM MgCl 2 (PTM). For whole-mount photography, the embryos were cleared through serial changes of 20%-80% glycerol in water, and photographs were taken on a dissecting microscope under bright-field illumination. For sections, the embryos were first infiltrated with 15% sucrose, followed by 30% sucrose overnight at 4°C (or until the embryos sank to the bottom of the tube). The embryos were then embedded in OCT compound (Tissue Tek; Miles, Elkhart, IN, USA), frozen at -80°C and sectioned with a cryostat machine. Sections (20-30 µ m) were collected on Superfrost Plus ™ glass slides (Fisher Scientific, Pittsburgh, PA, USA) and air-dried overnight at 40°C on a slide warmer. The slides were then dehydrated in graded ethanols, followed by two changes of Americlear ® (Baxter Diagnostics, Deerfield, IL, USA) and cover slips were applied.
Immunohistochemistry
Embryos were fixed in 4% paraformaldehyde in PBS at 4°C for 30 min, then infiltrated with 15% sucrose followed by 30% sucrose at 4°C and embedded in OCT compound and frozen at -80°C. Cryosections of 30 µ M were collected onto Superfrost Plus slides and stored at -20°C. Slides were warmed to RT and rinsed once in PBS, then refixed in 4% paraformaldehyde in PBS for 0.5 h at RT. Sections were then rinsed three times for 1 h in 50 mM NH 4 Cl in PBS and then blocked in 1% H 2 O 2 in TS-PBS [0.1% Triton ® X-100 (Sigma Chemical) and 10% fetal calf serum (HyClone Laboratories, Logan UT, USA) in PBS] for 1 h. Rabbit antiCre antibody (Novagen, Madison, WI, USA) was diluted 1/1000 in TS-PBS and applied to sections overnight at 4°C. The sections were then washed three times for 1 h at RT and then incubated with goat anti-rabbit IgG-horseradish peroxidase (HRP; Sigma Chemical) diluted 1/150 in TS-PBS. HRP activity was detected with 0.05% diaminobenzidine (DAB) and 0.01% in H 2 O 2 in PBS, then sections were de-hydrated through graded ethanols and Americlear, and cover slips were applied with Cytoseal ™(Stephens Scientific, Riverdale, NJ, USA) for microscopy.
RESULTS AND DISCUSSION
We constructed IRES-hpAP and IRES-lacZ reporter constructs both with and without polyadenylation signals ( Figure 1A ). Constructs lacking 876BioTechniques
Vol. 23, No. 5 (1997) the polyadenylation signal are intended for use in transgene constructs that already contain a polyadenylation signal ( Figure 1B) . The Hmx2-IRES-lacZ transgene ( Figure 1B ) was designed to test DNA sequences flanking the Hmx2 homeobox gene (1, 19) for regulatory regions, which could drive reproducible spatiotemporal transgene expression in transgenic mouse embryos. The predicted translational products from this transgene would be a truncated Hmx2 protein (due to stop codons present in the 5 ′ portion on the IRES sequence) and a full-length β -gal protein produced from the IRES-lacZ( Figure 1B , Top). Hmx2-IRES-lacZDNA was purified and injected into the pronuclei of 1-cell mouse embryos to generate founder transgenic lines as previously described (3,7). Two founder lines were generated, and both showed β -gal expression in the embryo (Figure 2) .
The EnIII-Cre-IRES-hpAP trans - gene was designed to express Cre-recombinase (16) (17) (18) under the control of the Hoxa-1Enhancer III, which drives expression in the floor plate, notochord and gut epithelium (3). The IRES-hpAP reporter, which contains an SV40 polyadenylation site, was added to the 3 ′ untranslated region following the Cre-recombinase open reading frame. Five independent transgenic founder lines were created following pronuclear injection of the EnIII-Cre-IRES-hpAP DNA fragment. Two of these founder lines gave an identical expression pattern based upon AP staining being restricted to the floor plate, notochord and gut epithelium ( Figure 2 , B and F). Non-transgenic, single transgenic and double transgenic EnIII-Cre-IREShpAPand Hmx2-IRES-lacZmouse embryos (obtained from crossing parents singly transgenic for each of the transgenes) were fixed and stained for both AP and β -gal activity (2, 3, 9) as described in Materials and Methods. The embryos shown in Figure 2 were all doubly stained for both AP and β -gal activity. Non-transgenic embryos showed negligible background activity following the entire staining protocol (Figure 2, A and E) . Alkaline phosphatase activity in the EnIII-Cre-IREShpAPtransgenic embryos appears dark purple (Figure 2 , B, D, F and H), and β -gal activity in the Hmx2-IRES-lacZ transgenic embryos appears blue-green (Figure 2, C, D, G and H) . The expression pattern from the EnIII-Cre-IREShpAPis identical to what has previously been described for Enhancer III activity using a standard lacZreporter (3), indicating that neither the Cre gene nor the IRES-hpAPreporter contain sequences that interfere with normal Enhancer III transcriptional activity. The expression pattern obtained with the Hmx2-IRES-lacZtransgene reflects a subset of the expression pattern seen by RNA in situ analysis of the Hmx2gene (1, 15) , suggesting that this transgene lacks certain DNA regulatory elements normally acting on the endogenous Hmx2gene (although we cannot exclude cell type-specific restrictions or DNA context-effects on IRES function). Embryos that were transgenic for both EnIII-Cre-IRES-hpAPand Hmx2-IRES-lacZdisplayed a staining pattern that was a precise superimposition of the individual β -gal and AP staining patterns (Figure 2, D and H) . This demonstrates that the IRES-lacZand IRES-hpAPhistological reporters can be both simultaneously and readably detectable in dicistronic transgene constructs.
To demonstrate that two proteins (Cre and AP) were being co-produced from the EnIII-Cre-IRES-hpAPtransgene, we isolated non-transgenic and EnIII-Cre-IRES-hpAP embryos and tested them for Cre and AP protein expression in adjacent serial frozen sections ( Figure 3 ). Cre protein was strongly detected in the EnIII-Cre-IRES-hpAP embryos following Crespecific (Novagen) antibody staining (with HRP detection; as described above), whereas no Cre-specific signal was detected in the non-transgenic embryos (compare Figure 3, A and B) .
The Cre-expressing lines described here have also been shown to produce Cre protein functional for DNA recombination at loxP sites in floor plate, notochord and gut epithelium cells where the transgene is active (X. Li and T. Lufkin, unpublished). Adjacent serial sections from the same embryos were stained for AP activity (described above), and a strong signal was detected only in the EnIII-Cre-IRES-hpAP transgenic embryo (compare Figure 3 , C and D), indicating that both Cre and AP were being co-expressed in the transgenic embryos. Thus, we can conclude that both IRES-lacZ and IRES-hpAPare convenient dicistronic transgenic markers for the efficient, simultaneous and sensitive histological analysis of the activity of multiple transgenes in transgenic mice.
INTRODUCTION
Polymerase chain reaction (PCR) is now frequently used for diagnosing infectious diseases. However, one major concern as to the reliability of this method is that it may generate falsenegative results, which can be due to a variety of factors, including presence of contaminants inhibiting polymerase activity in the sample to be analyzed or simply mistakes in setting up the PCR. In a normal, non-nested PCR protocol, this problem can be overcome by using low-stringency PCR [negative results are ascertained by the absence of nonspecific cellular bands (5)] or-especially when cellular material is to be analyzed-by co-amplifying cellular genes (4) . A very elegant control is the addition of a different sized internal standard sharing the primer recognition sequences with specific template (3,7, 11). However, PCR protocols that
